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■STABILIZED ANOXIC DTAfiNnsnr reagrnt sot rmoM 
Field of Invention 

The present invention is directed to a stabilized anoxic diagnostic 
reagent solution containing an oxygen labile reagent which may be 
stored in a Uquid fonn at temperatures as high as 450 C for at least 
four (4) days, and permit their direct use as reference standards in 
instrumental analysis without the necessity for addition of water to 
them. In particular, the invention relates to the use of oxygen reducing 
enzyme systems in oxygen labile reagent solutions, especially reagent 
solutions used for calibrators and controls. 

Description of tha Rfl^tfj fi'Tf 

Many materials deteriorate in the presence of oxygen. Various methods 
have been used to avoid the deteriorative effects of oxygen. 

Biologically active substances such as found in sera, enzymes, lipids, 
hormones, electrolytes, and biologically active substrates or 
metabolites, are used widely in the diagnosis of diseases. They are used 
as reference standards for instrumental automated colorimetric 
analysis since tiiey contain all or most of the components of the 
unknown to be analyzed. Once the diagnosing physician is aware of the 
basic concentration of components (differences vs. normal mean ranges 
of concentration of each components), the diagnosis can be made more 
objective y. In their natural form, when separated from their normal 
biological environment, such biologically active substances are unstable 
and undergo undesirable changes under the influence of heat, enzyme 
action, hydrolysis, oxidation and other influences causing undesirable 
molecular transformation therein. In the past, several methods of 
preservation have been utilized for such labile reagents. 

One such procedure involves freeze-drying of the reagent. The freeze- 
drymg procedure essentially involves rapidly reducing the 
temperature of the reagent containing solution followed by de- 
watenng to a very substantial, if not total, extent at reduced pressure. 
If the reagent was additionally subjected to oxygen reduction then 
further procedures would be necessary. Not only is this procedure 
expensive, but it also requires reconstituting (resupplying) the normal 
water pnor to use of the stored reagent. Natural proteins tend to 
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denature upon losing substantial concentrations of water. Thus, natural 
proteins could undergo compositional changes and loss of biological 
activity due to substantial de-watering occurring in the freeze-drying. 
Additionally, the freeze dried reagent often presents a turbid 
condition s^ter it is reconstituted with water. This can cause analytical 
error because many of the automated analytical procedures basically 
involve colorimetry. During the reconstitution procedure, volume 
errors are sometimes introduced when, for example, the serum is 
reconstituted to its original liquid form by the addition of the water to 
the freeze-dried concentrate. 

Prior to the discovery of this invention, certain diagnostic reagents 
such as bilirubin have been stabilized by polyols such as ethylene 
glycol. However, bilirubin stabilized in this manner must be kept at - 
20^ C and it does not survive 45<> C stress very well. Open vial 
stability of these materials is about 7 days. On the other hand, freeze- 
drying is the most frequently used method of stabilizing bilirubin. Once 
reconstituted, however, these materials do not have good stability, and 
errors in solubilizing the desiccated bilirubin may occur. These 
reconstituted standards generally require about 30 minutes for 
reconstituting. 

U.S. Patent 4,414,334 to Hitzman discloses the removal of ambient 
oxygen from aqueous liquids, including canned foods and beverage 
products, which arc catalyzed by an enzymatic deoxygenation system 
comprising alcohol oxidase in the presence of alcohol, optionally with 
the addition of catalase. 

U.S. Patent 4,476,224 to Adler teaches the use of an enzyme system to 
promote the growth of anaerobic bacteria. The enzyme system of 
Adler comprises stgile_j nembraite fragments derived from bacteria 
having membranes^~^ntaiiiing an electron "Sansfer system which 
reduces oxygen to water. Optionally a hydrogen donor may be added 
to facilitate the reduction of water. 



A technical bulletin, TB890411 released by Oxyrase, Inc. entitled 
"Properties of the Oxyrase^M Enzyme System" discloses that the 
OxyraseTM enzyme system (sterile membrane fragments) in the 
presence of a suitable hydrogen donor, feHuces dissolved oxygen 
directly to water. The buUetin also teaches that the enzyme system can 
be incorporated into oxygen-sensitive analytes used in automated, 
diagnostic instruments. 
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U.S. Patent 4.775.626 to Amenta, et al. teaches a method for reducing 
the oxygen content of a medium in which anaerobic cells are present. 
The method comprises having an effective amount of an oxidase and 
substrate for the oxidase in fluid contact with an aqueous medium. The 
medium can also contain a hydrogen peroxide scavenger. 

The conversion of bilirubin through oxidation to biUverdin and other 
products IS the main disadvantage of most bilirubin solutions 
A system to prevent this oxidative process has been developed and is 
the mvention presented here. The present invention offers a diagnostic 
reagent solution that is stable at 450C for at least four days, has at least 
SIX months of open vial stability, and the finished product is already in 
liquid lorm. ^ 

SUMMARY OF THF. TXryi^^^ 

The present invention is based upon the discovery of an aqueous 
bilirubin solution having sufficient stability that it can be shipped and 
stored for at least as long as six months at a temperature of 2-80C and 

Zwr}^^"- "^P. « three weeks of open vial 

stability, and the finished product is already in Uquid form 

°^ ''''^^''''^ ^ combination of 

%«,aint ^"^^"^ t^'"^"^ ^ " 'y""^^^^ matrix comprising a 

reagent bmdmg agent such as albumin to prevent the oxidation of the 

^tvA" ''^^'^^'^ diagnostic reagent solution comprises an 

tnl!^ '""1"°': ' '^'^Sent binding agent, a first oxygen reducing 

enzyme system which comprises gl ucose oxidase and its substrate 

a h ydrogen donor and stenle memhran.. fr.,. . jerfved from 

bactena havmg membranes containing an oxy^enVansfer system 
wh ch reduces oxygen to water. The solution il ^so comprise 
catalase, however, in amounts of 150 u/ml or greater open vial 
stability decreases from that obtained with 50 u/ml. Additional 
^roTrT;/"'\^' antioxidant used as a free radical scavenger. 

Over all, in tiie preferred embodiment bilirubin is stabilized bv 
removing molecular oxygen, providing free, radical scavengers 
providing an anti-oxidant, pro viding a chelating a gent, binding 
bihrubm to albumin, and prodding lor light proteclion in the final 
container. It is likely that several of these approaches work 



SUBSTITUTE SHEET 



wo 92/07088 



PCr/US91/07629 



4 

synergistically with the enzyme systems- to bring about the stability 
obtained. It is known that oxygen increases photodegradation, thus by 
removing oxygen we also reduce photodegradation. Reducing agents 
and chelators also behave synergistically with anti-oxidants. The 
advantages obtained are greater heat stability, the product is a liquid, 
the product has at least three weeks open vial stability, and the 
product does not contain human materials, thereby making this less 
hazardous than many of the commercially available standards which 
do contain human serum. 

BRIEF DESCRTPTTQN OFTHR X^HAWJKn^ 

Figure I is a graph comparing the activity of two biliruben 
A calibrators during 450C heat stress testing. 

Figure 2 is a graph comparing the activity of two biliruben 
B calibrators during 45^0 heat stress testing. 

Figure 3 is a graph comparing the activity of two biliruben 
C calibrators during 45^0 heat stress testing. 

THE DETAILED DRSCRTPTrON Op THR TNVKNTTnM 

As used herein, and in the appended claims, the following terras, 
unless otherwise indicated, have the meanings set forth herein: 
"percent" and "parts" refer to percent and parts by weight; g small 
means gram or grams; mg means miUigram or milligrams; 1 means 
liter or liters; ml means milliliter or milliliters; dl means deciliter or 
deciliters; ul means microliter or microliters; and M means molar and 
equals the number of moles of a solute in one liter of a solution; mM 
means millimolar. All temperatures are in degree Centigrade, OC. 

The present invention involves the stabilization of a diagnostic reagent 
solution that comprises an oxygen labile reagent, or analyte, the 
addition of a reagent binding agent, and at least two oxygen reducing 
enzyme systems. It has been discovered that by adding an oxygen 
labile reagent to a matrix containing a reagent binding agent and the 
further addition of two oxygen reducing enzyme systems to that matrix 
a significant mcrease in the high temperature stabUity and open vial 
stability of the resulting reagent solution results. 

In a preferred embodiment, a stabilized bilirubin solution that has 
been developed for the purpose of instrumentation calibration and 
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The enzymatic reactions, of our invenrinn nc-w e^, 

are as foUows: invention, used for oxygen removal 

1 ) Glucose + Glucose oxidase + Oxygen • - > 
Gluconic acid + Hydrogen peroxide 

2) Hydrogen peroxide + catalase - > oxygen + 

4^^ generated in step 2) recycles into step 1) 

4) Membrane fragments + Oxygen i Hydrogen 
donw - . > pyruvate + water 

glucose •oSdS^'re"!:^^^^^^^^ ' ^^««- «l»cose, 

the following process ^ "'^^"^ pre-ieduction step of 

shouId^ifSnSilJ^f I! invention 
may ha" imp fve^ ^taLTv Lt"^^^^ -"ich 
phLace«ticals.^tibSS ^nTL^ Td^^^^^ 
linlced CO enzymes or otht^' ox^r labuf com^rnts.^™ 

EXAlVfPTR «^ 

b'est mod^''"^^^^^^^^^^ ™^ including .he 

solely for the puraose of dSu?^ mventors. are presented 

not intended to bTumiif ^"'^ '"^^^on. and is 

EXAMPTR 1 
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A matrix is prepared to contain the foUowing in grams per Uter. 

a. Ethanoi 9 5 solubilize BHTl 

b. Polyoxyethyiene 23 Lauryl 64 36 
Ether (BRU 35) 

c. Bistrispropane 30.037 

d. Glucose 5 3 

e. Butylated Hydroxy Tulene 0 213 
(BHD 

f. FD-lactate 3 57 

g. Bovine Serum Albumin 5^ is 
(BSA) "^-^^ 

h. Gentamicin 1 n 
HCL 

j. NaOH ^dj^s^ PH 

4 (To dissolve bilirubin 

Tu^ TT . ^. powder) 
The pH IS adjusted to 7.85. 

h^^rL r Phosphate buffer. 10 mM Sodium locate as the 

hydrogen donor, and an air saturated solution.) Ox^iTTre^^^L 
system ,s described in the literature ^nd v^Ls irA^^il^r^I^f •, 
membrane fragments derived from bacteria h! J! ' ? ^ 
containing an electron transfer'TyTtc^fryV Z^^^^^ 
reduces oxygen to water. Any such membrane fragmenls rhourd 
operate similarly and could be substituted for O^faTe IfLr It 

in tJe hea^p^e accomphshed by maintaining nitrogen 

reaction. However it ha, -It oy the glucose oxidase 

matrix so as to obtain 13 units/ml of glucose oxidase BmruWn 
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(Phansihiel. Inc.. Waukegan, Illinois) dissolved by sodium hydroxide 
must not be hazy, but clear and amber colored prior to its addition to 
the matrix solution. The bilirubin may be conjugated, unconjugated or 



As the foUowing examples and data will show the following ranges for 
specific components added to a bilirubin calibrator solution are 
preferable in accordance with this invention. 

1. pH - after all glucose is converted to gluconic acid 
(above 7.0) 

2. Glucose - initial glucose level 0.1% to 0.5%, excessive 
glucose may cause bilirubin precipitation 

3. BHT - 0% to about 0.024% 

4. Oxyrase - 0.3 to about 0.6 units/ml 

5. Albumin - 4% to 6% 

6. Catalase - 0 to about 150 units/ml, excess catalase 
may reduce open vial stability. 

7. Alcohol - about 1% 

8. A non-ionic surfactant - about 5% to about 6% 

9. Glucose oxidase - 10 to about 27 units/ml 

10. Bilirubin - 0 to about 30 mg/dl 

11. Hydrogen donor - 5 to about 20 mM 

other ingredients may also be present. Table 1, below, 
shows the basic elements necessary to produce a stabilized 
anoxic reagent solution encompassed by our invention 

JaSIfidieiit . ATPpunt 

Xr^*^^^ l-10,000mg/dl 
Glucose oxidase 0.1-2 units/1 

Binding agent 1-10% 
Hydrogen donor i.jqO mM 

Membrane fragment enzyme system 0.1-1 unit/1 

Example 2 

Bilirubin calibrators, at levels of 2 mg/dl(A), 10 mg/dl(B) and 20 
mg/dl(C). were prepared by the method of Example 1 a set of vials of 
each calibrator level was kept at 450C. Once each day the vials were 
tested and bilirubin levels were determined using a VisionTM analyzer 
and test cards. (Abbott Laboratories, Abbott Park, Illinois) according to 
the manufacture's instructions. 

The control calibrators were stored at 2-80C. 
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Figure 1. 2 and 3 show the results of the above study as well as 
^e results of a parallel test conducted on a commercially available 

bilirubm calibrator (Medical Analysis Systems \ 

prepared to comparable levels. In figure 1. 2 and 3 MAS CAL is the 
commeicial cahbrator and GO & OXY CAL is the calibrator of this 
invention. The points plotted on the graphs are average values. The 
calibrators prepared with the two enzyme systems of this invention 
showed superior stabiUty and activity over tiie commercial 
tormuiation. 



Example. % 



Vials of bilinibm calibrators at each of three levels (as in Example 2) 
were prepared as in Example 1. Table 2 shows the exact cSStion 
of Uie solutions and tiie results of the open vial stu?y discuSed Sw 
m days. TTie reagent solution was considered accepSle f u was 
withm he following ranges when the activity was compieS To tiie 
appropnate control: caKbrator A 15%. calibrator B 5% "Etor C 5% 

Three vials of each of tiie three caUbrator levels were stores at 20- goc 
Each work day (Monday tiirough Friday) die vials were one^./ .i, 

lev^fZ fiv^Hr'' three vials from 

tevel for five days pnor to the commencement of tiiis experiment 

p'Jir" obtaineJ^rJa^Jom 

Bilirubin values were obtained by using a VisionTM analyzer fAbbott 
Labomones Abbott Park. Illinois) and' test cards accor^Tto tSe 
manufacture's instructions! awwwwng lo ine 



TABLF. r 



Glucose 0.1% 0 3% ^% 

0?vrase L / , J° "/"^ ^^Ou/ml 

uxyrase 0.6 u/ml 0.3 u/ml 0.6 u/ml 

DL Lactate 30 mM 30 mM 30 nT^ 



rym* I "uVJ 

BHT 0.02% 0.02% 

EIOH 1% 



0.02% 



PH 7.74 7.7 7.8 
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Bristrispropane 0.1 M 0.1 M 0.1 M 

Gentamicin 0.1% 0.1% 01% 

BSA 5% 5% 5% 

Bilirubin 25 mg/dl A3.C 2A,2B;JC 

Open Vial (Days) 40 25 15 



In our fonnulation the following reactions are prevented. 
Therefore it is probable that many products may have extended 
stability in the Table 1 fonnulation. 

02 - + H2O2 02 + OH- + • OH (Haber-Weiss) 

Fe2+ + ROOH - - - Fe 3+ + RO + OH- (Fenton reaction) 

The Haber-Weiss is prevented by the removal of molecular oxygen 
which prevents super-oxide formation. An alternate inhibitor of the 
Haber-Weiss reaction is the degradation of H2O2. The Fenton reaction 
is inhibited by the chelation of iron. 

The inhibition of these two reactions is beUeved to be a major source of 
stability in the formulation. To scavenge any preexisting free radicals 
BHT or BHA may also be incorporated into some formulations. 



Example 4 

Many complex biological molecules such as hormones, lipids, steroids 
calechols, etc. as well enzymes, reducing substances, pharmaceuticals' 
antibodies, antigens and substrates could have Uieir shelf and open vial 
life extended by this invention. The particular substance would place 
limits on the substrate concentrations of Table 1 and any buffer system 
which may be necessai7. 

A stabilized anoxic solution containing an oxygen labUe reagent could 
be prepared as in Example 1 which would comprise the substrate of 
Table 1. Additionally Uie solution could furtiier comprise BHT or BHA 
from 0.001 to 0.04%, buffer such as bistrispropane witii adequate 
strengtii to maintain a pH compatible witii Uie system, a detergent and 
organic solvent as required for BHT micel formation. Low levek of 
glucose oxidase are generally adequate since tiie substrate turnover is 
very high, however high levels may lead greater stability. The 
absorbance of this yellow compound may be a limiting factor in 
spectral applications. 
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Some enzymes and organic and inorganic chemicals are given stabiHtv 
by substances and reducing in nature. Cysteine and aTorSr^id for 
example, when used in this fashion are If limit^ v^e siLce^ey °^ 
themselves subject to oxidation. In a matrix such as descTfcS ^ thT 
above examples these oxygen labile substances couW be s^ili^ so 
that they m turn could function as stabilizes siaomzed so 
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We Qaim: 

1. A stabilized anoxic diagnostic reagent solution that comprises: 
an oxygen labile reagent; 
a reagent binding agent; 

of 1 wwch tetter compris« 
Md reducing sotelmoT^ "nnbodiM, cogens, substrates 

bindiufirt SI"'"""" ' reageu. 
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11. The anoxic reagent solution of claim 1 having a pH from about 7.4 
to about 8.1. 

12. A stabilized anoxic diagnostic reagent solution having a pH range 
from about 7.4 to about 8.1 and consisting essentially of a first oxygen 
reducing enzyme system, a second oxygen reducing enzyme system 
and bilirubin in a matrix of bistrispropane, glucose, d-lactate, NaOH, 
alcohol, BHT and bovine serum albumin, wherein said first enzyme' 
system comprises glucose oxidase and catalase and said second enzyme 
system comprises sterile membrane fragments derived from bacteria 
havmg membranes containing an oxygen transfer system which 
reduces oxygen to water. 

13. The anoxic reagent solution of claim 12 wherein tiie alcohol is 
ethanol. 



14. The anoxic reagent solution of claim 13 wherein die etiianol is 
about 1 percent. 

15. The anoxic reagent solution of claim 12 wherein die BAHT is 
present from about .0016 to about 0.024 percent. 

16. The anoxic reagent solution of claim 12 wherein the bovine 
serum albumin is present from about 1 to about 6 percent. 

17. The anoxic reagent solution of claim 12 wherein the alcohol is 
etiianol and is present from about 0.9 to about 1.1 percent. 
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DAYS STORED AT 45»C 

FIG. 2 
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